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Goldfish Brain GAP-43:
Analysis by One and Two-Dimensional Gel Electrophoresis
ABSTRACT
The concept of learning and mem01Y is a
neurological process believed to reside in the
nervous system of living organisms. In
particular, the growth-associated protein,
GAP-43, has been shown to alter its state of
phosph01ylation via a protein huuise C
mediated reaction following long term
potentiation, a paradigm of learning and
memory. Most recent studies of GAP-43 in
goldf ish (Carassiu s auratus L.) have
focused on its presence in regenerating or
developing optic nerves. The present. study
seehs to determin e the existence of GAP-43
in the goldfish brain and secondly, quantify
phosph01ylated isoforms of GAP-43 before
and after active avoidance training.
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Introduction
Biochemical changes occuni ng in the
brain following a learnin g task have best
been studied using the artificially induced
process of long term potentiation (LTP) ,
which is an animal model that has been
proposed to mimic in vivo changes (Bliss
and Colling ridge , 1993 ; Derr ick and
Martinez , 1994 ). LTP is defined as a
pro longed enhance me nt of synaptic
activity following high voltage stimulation
(Bliss and Collingridge, 1993; Soderling
and Derkach , 2000). Phosph orylation of
GAP-43 by protein kinase C is critical for
the indu ction of LTP (Benowitz and
Routtenburg, 1997; Perrone-Bizzozero
et.al., 1998).
The focus of this research is to
study the changes in the phosphorylation
of GAP-43 following training tasks that
rely on formation of memories. GAP-43
(growth associated protein) is a synaptic
protein with a mo lecular weight of 43
kDa (Oes treicher et.al., 1997). This
pro tein is made of 211 amino acids. The
first four amino acids provide membrane
attachment for the protein . Between the
thirt y-first amino acid and the forty-sixth
amin o acid in the sequence of GAP-43,
th er e is 100% h om ology acro ss all
species. There is a calmodulin-binding
domain in this protein between the fortythird and the fift y-third amino acid. GAP43 is associated with neuron outgrowth
and regen erat ion , spont ane ous ly
occur ring action potentials, and increased
neurotransmitter release (Benowitz and
Routt enburg, 1997; Meiri et.al., 1991 ;
and Oestreicher et.al., 1997).
GAP-43 plays an import ant role in
LTP. eurotransmitte r release into the
synapse is depe nde nt on presynaptic
levels of calc ium. As prot ein kin ase C
(PKC) ph osph orylates GAP-43 at
ser4l(Beno witz an d Routt enburg,
1997), the calmo d ulin bound to th e
protein is released (Oestre iche r et.al. ,
1997). Th e free calmod ulin in th e
pr esynaptic cell bonds to calcium,
cau sing an increa se in intracellul ar
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levels. As a result there is an increase in
the amount of n eurotransmitter
(glutamate) released int o the syna pse,
leading to LTP In gold fish, the learning
pro cess has been block ed with the
administration of drugs that interrupt
various stages of LTP (Xu et.al. , 1998).
In order to investigate the
hypothesis that the phosphorylated
isoforms of GAPA3 are increased in the
goldfish brain after learn ing and
memory exercises, techniqu es to detect
GAPA3 by prot ein extraction , one and
two-dimension al gel electrop ho resis,
western blotti ng and immu node tection
need to be establishe d . Th ese techniqu es
will be used to analyze GAPA3 in a way
that will enable its ph osphorylation
states to be visualized and compared.
Immunocyto chemical detection will be
used to localize GAPA 3 in specific
regions of th e gold fish br ain . During this
project, any other prot eins th at chang e
during shock-avoidance trainin g will be
analyzed and identifi ed .
Thi s resear ch is unique b ecau se ,
while GAPA 3 h as b een identified in
the optic n erve of th e gold fish , it h as
n ever been dete ct ed in th e go ldfish
br ain . If det ect ed , th e gold fish can
serve as an additional an ima l m odel to
stu dy th e bi och emistry underl ying
learning and m emory.
Methods and Materials

Enrichment
Thirty goldfish brains were obtained
from Dr. Xan dra Xu . Th e b rains were
stored at -70 °e. Th e brains were placed
in 1.0 ml of homogenization buffer (.32
M suc rose , IOmM Tris-HCl , 2mM EDTA
at pH 7.4 ) and diced with a scalpel. Th e
tissue was homogeniz ed insid e of
eppen dorff tubes using Kont es Pellet
Pestle Motor. The pro cedure used in the
enrich men t of GAPA 3 was describ ed by
McMaster et.al.(l998 ) . Follo wi ng
homogenization , th e tissu e in th e
ep pe n d orff tubes was com b in ed in to
two Beckman Ultracent rifuge tubes. Th e
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tissue was centrifuged at low speed
(l000 x g for 10 minut es) at 4°C using a
LE 80 Beckman Ultracentrifuge 5W40
Ti Rotor. The supernant (51) was com bined into one Beckm an Ultracentrifuge
tube and centrifuge d at 130 00 x g at
4°C for 20 minutes. The pellet (P2) was
resuspended in 5.0 ml of lysing buffer
(IOmM EGTA, 2m M EDTA, 10mM TrisHCI at pH 7 .5). Th is so lution was
stirred in an ice bath for 45 minu tes
(NU OVA II Th ermolyne Stirplate). The
solu tion was then cent rifuged at 175000
x g at 40C for 20 minutes. To perform
the alkaline extraction, 2.0 ml of l mM
Magnesiu m Acetate bu ffer was used to
resus pend the pellet (P3) . The pH was
brought to 11.5 using 1M NaO H. This
solu tion was centrifuged at 75000 x g at
4° C for 20 minutes. To perform the acid
precipitation of the proteins, approximate ly
10 drop s of lmM sodium acetate (pH
5.0) was added to th e su perna nt (54) to
bring the pH to 5.5. This solution was
cent rifuged at 75000 x g at 4°C for 20
minutes. The supernant (55) was decanted into a graduated cylinder to measure
the volume (2.6 ml). The concentratio n of
ammonium sulfate in this solution was
brought to 40 % ammonium sulfate. This
solution was allowed to stand on ice for
20 minutes. The 55 was cent rifuged at
100000 x at 4°C for 20 minutes. This
solution was decanted into a graduated
cylinder for the purp ose of measuring its
volu me (2.8ml). The concent ration of
ammonium sulfate in the solut ion was
then brought to 80%. This solution was
in cub ated on ice for 20 minutes and the
cent rifuged at 100000 x g at 4°C for 20
minutes. The pellet (Py) was collected and
stored at 4°C for future use. This same
procedure was perform ed un der the same
conditions using three rat brains, the Py
sam ple was collected and stored at -20°e.

One-Dimensional Gel Electrophoresis
The 80 % ammonium su lfate fraction was
analyzed using one- dimensional gel
electrophoresis. In this procedure the

prote ins are sepa rated by molecular
weigh t in a gel-ma trix using electric
current. Approxi mately SOul of sample
bu ffer (conta ining 10% sodium dodecyl
sulfate (505), 1% brom ophenol blue, 5%
2-mercaptethonal and 7% glycerol) was
added to 20ul of the Py. Molecular
weight standa rds an d samp le pro teins
we re separated, on a 13% 5D5 acrylamide gel an d then placed in 300ml
run ning buffer (60 ml stock solution and
240ml distilled water). The pro teins were
electrophoresed at 200v for 50 minutes .

Two-Dimensional Gel Electrophoresis
In two-dimension al gel electrop horesis
the proteins in the 80% ammonium
su lfate fraction were separated first by
isoelectric po int and secondly by
mo lecular weigh t. The 80% ammonium
su lfate fraction was ana lyzed using the
BlO-RAD Mini-PROTEAN II 2-D Cell,
Mini-PROTEAN II Tube Cell, an d MiniPROTEAN II Tube Module syste m for
two-dimensional elect rophoresis. A
samp le of I5 ul was added to the tube
gels and focused at 200v, 1rnA for
approxima tely 20 hours. The tube gels
we re th e elec tro pho rese d on 13%
acrylamide separati ng gels at 200v,
80 mA for 50 m in utes . The gels we re
the n stained usin g th e silver staini ng
procedure (Bio -Rad silver st ain ing ki t) .

Coomassie Blue Stain
After elec tro p horesis, gels were fixed
for 30 minutes in 50% metha no l an d
7% acetic ac id. The fixed gels were
p laced in th e Coomassie blue sta in for
a p eri od of 30 mi n u tes and th en
destain ed using a so lut ion of 5% acetic
ac id an d 5% m eth an ol.

Silver Sta ining Procedure
Im mediately after electrop horesis, the
gel was placed in a fixative en hance r
solution (50% reagent grade meth an ol,
10% reage nt grade acetic acid, 10%
fixative en hancer conce ntrate, and 30%
deioni zed distilled water) for 20
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minutes, with gent le agitation . Th e gels
were washed th ree times in 500m l glassdistilled water over a pe riod of 60
min utes. Th e gels were place d in a
stain ing solution for approximately 20
minutes, a 5% acetic acid solution was
used to stop the reaction . Gels were
rinsed in dis tilled water and scanned.

lmmun odetection Procedure
The gels were transferred to a PVDF
(Bio-Rad)me mb rane usin g 100v, 300mA
of electricity for approximately 1.5 hours
using the Mini trans-Blot electrophoretic
trans fer cell(Bio Rad). Th e memb rane
cont aining p rotein s was incubated in the
blockin g solution TTBS(lOOmM Tris-Cl,
p H 7.5 , an d 0 .9 % NaCl) for 30-60
minutes or until th e en tire m embran e
wa s hydrat ed . Th is block s an y
unoccupied sites on th e PVD F
membrane to prevent any non -specific
bind ing of the primary ant ib od y. The
primary ant ibody (Goa t polyclonal igG
N- 19 GAP-43) in a d ilution of 40 ul
in 10 m l TT BS was applied to the
memb rane, this solution incubated for
approximately 30 minutes. TTBS was
used to wash the membrane three times
ove r a 15 minute time span. The
membrane was allowed to incubated in
the secondary antibody (biotinylaied
do nkey ant i-goat IgG - Chemicon )
which was diluted to 10 ul in 20 rnl
TTBS for 30 minu tes. Again the
membrane was washed in TTBS three
times over a period of IS minutes. Th e
avidin-biotin-en zyme solu tion was
appli ed to the membrane and left to
incubate for 30 minutes (2 drop s
Vecastain reagen t A and 2 drops
Vecastain reagent B, diluted in 50ml of
TTBS). After wash ing the membrane
three times in TBS over a 30 minute
span, the membr ane was deve loped
using a DAB Substrate Kit for Peroxidase
(Vector Laboratories). The color reaction
was sto ppe d by rins ing the membrane
five minu tes in glass distilled water.
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Results
A cha racteris tic band of proteins near
the 45kDa mo lecu lar weight marker was
observed in gels contai ning a sam ple of
the 80 % ammonium sulfate fraction
from the goldfish brai n . Th is ban d was
observed in gels that had been stained in
coomassie blue and gels that were
stained using the silver staini ng
tech nique. Gels containing samples of
the 80 % ammonium sulfate fraction
from bot h the goldfis h and rat brai n
were also observed. In these gels the
characteris tic band near the 45 kDa
mo lecu lar weight ma rke r was present in
bo th the goldfish and th e rat samples.
The band of the 80% am mo n iu m sulfate
fraction taken from the rat was heavier
then the b and in the 80% ammonium
sulfate fraction tak en from the goldfish.
The two -dimensiona l gel containing
a sample of the 80% am mo niu m su lfate
fraction taken from the gold fish brain
revealed the separation of one prot ein
into five distinc t isoforms.
The immunodetection proce dure
was performed on a membrane containing
samples of the 80 % ammonium sulfate
fraction from both the rat and the goldfish. A strong positive reaction took place
in the lane containing the 80 % ammonium
sulfate fraction taken from the rat brain. A
positive reaction also developed in the lane
containing the 80% ammo nium sulfate
fraction taken from the goldfish brain.
Discussion
This is a pr elimin ary study of GAP-43 in
the goldfish brain . Prop er controls for
th is proj ect still need to be run . The
resu lts of thi s pre liminary stu dy sugges t
tha t GAP-43 is indeed present in the
goldfish brain . The two -dime nsiona l gel
revealed the separation of one protein in
to five d istinct isoforms. The behavior of
this protein is strikingly sim ilar to the
way that GAP-43 has bee n characterize d
in other animals. GAP-43 is an acidic
protein, spots were observed at the very
acidic end of the two-dimensio nal gel.

As GAP-43 is ph osphorylated it becomes
more acidic, the spo ts on the gel cou ld
rep resent the various phosphorylation
states of this pro tein. As this study
co ntinues , phosphosp ecific antibodies
n eed to be ap plied in orde r to
distinguish between these spo ts and
positively identify GAP-43.
Duri ng the immunode tection
p roced ure, a positive resu lt was
obse rved in the lan es containing the
80% am moniu m su lfate fractio n taken
from the ra t and the 80% ammonium
sulfate frac tion tak en from th e goldfish .
Alth ou gh the n egative co ntrols have no t
yet been run , th ere is reason to suspect
that thi s reaction was spec ific for GAP43 in th e gold fish brain. On a onedimensional gel staine d in Coomassie
b lu e, a band of pr ot ein with a
molecul ar we igh t of abou t 4 5kDa was
ob ser ved from th e 80 % ammonium
su lfate fraction taken from th e gold fish
b rain , th ere was also a very heavy ba n d
o f p rotein near th e 3 1kDa molecul ar
we igh t marker. Even th ou gh th is ba nd
stai ned very heavy in coo massie blue ,
the band of protein wit h a molecul ar
weight of abou t 31kDa did not exhibit
any no nspecific binding during the
im m u nodet ection procedure. On th e
other hand the light ba nd of p rotein
with a molecular weight of ab out
4 5kDa d id show a pos itive resp onse to
the immunod etection p rocedure.
Th e positive result for th e rat GAP43 was much stro nge r than the result of
the goldfish GAP-43. A number of
factors co uld account for the difference
in the am ount of staining in the goldfish
an d the rat sam ples. The same amount
of bot h the gold fish brain and th e rat
br ain 80% am mo nium su lfate frac tions
were load ed into the lanes. Th e 80%
am mo niu m sulfate fractio n that is being
ana lyzed is no t a pure sample, but an
enriched sam ple. Unfo rtunately the
samples were not quanti tated , therefore
the amount of GAP-43 contai ned in
each sample is unkn own .
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There was also a difference in the
antibody recognition between the two
samples. The primary antibody used
was made specifically against the first
nineteen amino acids of GAP-43 in the
rat. This portion of the protein is not
100% homol ogous with the goldfish
protein. The prima ry antibody would
have less affinity for the goldfish GAP43 than the rat GAP-43 because of the
difference in the amino acid sequence.
This could also account for the weaker
reaction in the goldfish lane compa red
to the rat lane.
GAP-43 is known to aid in th e
regenerati on of injured axons an d to
be involved in neuron grow th during
developmental periods (Oestreiche r
et.al., 1997). The int erest of this
research proj ect is to examine GAP-43
in th e goldfish br ain an d its
ph osphorylation states before and after
training tasks. Usin g LTP as a mod el,
the che mical changes th at GAP-43
undergoes can help in understanding
th e ph ysiological cha nges tha t take
place during learning an d mem ory in
th e human br ain .

John Capodilupo, Ph.D., Faculty Mentor and Kendra Williams, McNair Scholar
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